To clarify the characteristics of the first heart sound in atrial septal defect (ASD) and its pathophysiological basis, 17 patients with ASD associated with incomplete right bundle branch block (IRBBB) and 7 with isolated IRBBB were studied using phonoechocardiography and Doppler echocardiography. Fifteen of the 17 ASD patients also were studied following surgical closure of the defect. Indices were compared among the preoperative ASD, postoperative ASD, and IRBBB groups including: P-Q intervals, loudness of the mitral and tricuspid component of the first heart sound (IM, IT), end-diastolic closing excursions of the mitral and tricuspid valves (MX, TX), and mitral and tricuspid inflow velocities during early diastole and atrial contraction. There were no significant differences in the P-Q intervals among these 3 groups. IM was attenuated, and IT was accentuated in ASD compared with IRBBB. Postoperatively, IM was augmented in all but l patient and IT was attenuated in all patients. MX was significantly smaller, and TX was significantly larger in ASD than in IRBBB. Postoperatively, MX was significantly increased and TX was significantly reduced; the maximal mitral inflow velocity during atrial contraction was increased while the maximal tricuspid inflow velocity was significantly reduced. Thus, the first heart sound in ASD is characterized by an attenuated mitral component and an accentuated tricuspid component. Hemodynamic alterations and consequent changes in closing energies of the atrioventricular valves probably account for these features. (Jpn Heart J 36: 763-774, 1995) Key words: Atrial septal defect First heart sound Tricuspid component Tricuspid valve closure T HE characteristic auscultatory finding in patients with an atrial septal defect (ASD) is a fixed splitting of the second heart sound. Lopez et al1) and
SUMMARY
To clarify the characteristics of the first heart sound in atrial septal defect (ASD) and its pathophysiological basis, 17 patients with ASD associated with incomplete right bundle branch block (IRBBB) and 7 with isolated IRBBB were studied using phonoechocardiography and Doppler echocardiography. Fifteen of the 17 ASD patients also were studied following surgical closure of the defect. Indices were compared among the preoperative ASD, postoperative ASD, and IRBBB groups including: P-Q intervals, loudness of the mitral and tricuspid component of the first heart sound (IM, IT), end-diastolic closing excursions of the mitral and tricuspid valves (MX, TX), and mitral and tricuspid inflow velocities during early diastole and atrial contraction. There were no significant differences in the P-Q intervals among these 3 groups. IM was attenuated, and IT was accentuated in ASD compared with IRBBB. Postoperatively, IM was augmented in all but l patient and IT was attenuated in all patients. MX was significantly smaller, and TX was significantly larger in ASD than in IRBBB. Postoperatively, MX was significantly increased and TX was significantly reduced; the maximal mitral inflow velocity during atrial contraction was increased while the maximal tricuspid inflow velocity was significantly reduced. Thus, the first heart sound in ASD is characterized by an attenuated mitral component and an accentuated tricuspid component. Hemodynamic alterations and consequent changes in closing energies of the atrioventricular valves probably account for these features. (Jpn Heart J 36: 763-774, 1995) Sanchez et al2) have reported that the first heart sound in ASD is characterized by accentuation of the tricuspid component. Rees et al3) have reported that the tricuspid component of the first heart sound is delayed in patients with ASD . However, the characteristics and the pathophysiological significance of the first heart sound in ASD remain largely unknown. The aim of this study was to clarify the characteristics of the first heart sound in ASD and its mechanism using phonoechocardiography and Doppler echocardiography.
METHOS
Patients: Seventeen patients with ASD were evaluated prior to surgical closure of the defect (the preoperative ASD group). The electrocardiograms in these patients revealed incomplete right bundle branch block (IRBBB) and normal sinus rhythm. There were 6 men and 11 women, ranging in age from 15 to 58 years (average 38.3 years). Of the preoperative ASD patients, 15 also were evaluated following surgical closure of the defect after an average duration of 5.6 months (range; 3 to 12 months) (the postoperative ASD group). The normal controls (the IRBBB group) consisted of 7 patients with IRBBB and no organic heart disease. Their ages ranged from 21 to 63 years (average 40.8 years). All subjects in the 3 study groups demonstrated a P-Q interval of less than 200msec and a QRS interval of less than 120msec. The differences in these electrocardiographic indices among these 3 groups were not significant. Phonocardiography:
Auscultation and phonocardiographic examinations were performed in a soundproof room with patients in the supine position. Cardiac sound microphones (Fukuda-Denshi MA-250, Tokyo, Japan) were attached to the apical region and the lower left sternal border, and phonocardiograms were recorded simultaneously with electrocardiograms using a Fukuda-Denshi MCM-8000 polygraph and an ink-jet recorder (Elema Mingograph, Stockholm, Sweden) at a paper speed of 10cm/sec. Two components of the first heart sound were identified on the phonocardiograms in all study patients. Of the 2 components of the first heart sound, those which were coincident with mitral and tricuspid valve closure obtained by phonoechocardiography were designated as the mitral and the tricuspid components, respectively ( Figure 1 ).4,5) Valve closure was determined by a complete apposition of the anterior and other leaflets as far as possible. In some cases, however, two leaflets cannot be visualized at the same time and in such cases we used the "c" point of the anterior leaflet, i.e. the transition point between a rapid closing motion and a systolic horizontal motion, as the complete closure of the valve. The loudness of the mitral and tricuspid components of the first heart sound was assessed by auscultation and phonocardiographic amplitude. The cardiac auscultation was performed by 2 expert observers who were unaware of the diagnosis or any of the laboratory findings in the subjects examined. The loudness of each component was classified by auscultation as "attenuated", "normal" or "accentuated". Phonocardiographic amplitude of the mitral component was determined by the relative amplitude of the aortic component of the second heart sound at the apex, and that of the tricuspid component was determined by the relative amplitude of the aortic component of the second heart sound at the lower left sternal border. Amplitude ratio (IM/IT) of mitral to tricuspid component was derived from these values. M-mode echocardiography:
M-mode echocardiographic examinations were performed using a Toshiba SSH-160A ultrasonographic system and a 2.5-or 3.75-MHz transducer (Tokyo, Japan). This unit contains a 2-dimensional sector scanner, a pulsed and continuous wave Doppler echocardiograph, and a realtime Doppler color flow imager. All patients were examined in the left lateral decubitus position. The echocardiographic transducer was positioned at the left sternal border to record the mitral valve and tricuspid valve echoes. Recordings with the maximal amplitude were used for the evaluations. The mitral and tricuspid valve echogram excursions in mm at the peak of the R wave of the electrocardiogram (end-diastolic excursions of the mitral and tricuspid valves; MX and TX, respectively)6) were determined by measuring the perpendicular distance be- Figure 2 ): The loudness of the mitral component of the first heart sound was augmented in 14 patients and unchanged in 1 (Case 7) following surgical closure of the defect. Postoperatively, the mitral component was "attenuated" in 4 patients, "normal" in 9, and "accentuated" in 2. In contrast, the loudness of the tricuspid component of the first heart sound was "attenuated" in all patients following surgery. Postoperatively, the tricuspid component was "normal" in 6 patients and "attenuated" in 9. Thus, the amplitude ratio of the mitralto-tricuspid component was dramatically increased following surgery ( Figure  2 ).
Comparison of the echocardiographic and Doppler findings prior to and following surgical closure of the defect (Table III) : There were no significant differences in the P-Q. QRS, and Q-Mc intervals prior to and following surgical closure of the defect. The Q-Tc interval tended to be shortened postoperatively , but differences were statistically insignificant. The Mc-Tc interval was significantly shortened postoperatively. The left ventricular dimensions were signifi- Case presentation: Figure  3 illustrates the phonocardiograms and the mitral and tricuspid valve echocardiograms in a representative patient with ASD (Case 6) prior to and following surgical closure of the defect. The loudness of the mitral and tricuspid components of the first heart sound correlated well with the closing amplitudes of the mitral and tricuspid valves, respectively.
DISCUSSN
Our study demonstrated that the mitral component of the first heart sound is attenuated and tricuspid component of the first heart sound accentuated in patients with ASD. These changes in the first heart sound are correlated closely with the echocardiographic mitral and tricuspid valve excursions measured during the final closing phase. Tricuspid component of the first heart sound: The electrocardiograms of all of the patients with ASD investigated in this study revealed IRBBB. However, the characteristic findings regarding the first heart sound observed in the preoperative ASD group were not observed in the IRBBB group. This observation clearly indicates that the changes in the first heart sound in cases of ASD are not caused by the coexistent IRBBB.
Cardiac-related factors which affect the loudness of the first heart sound are the P-Q interval,7-9) ventricular contractility,10) properties of the atrioventricular valves, and the end-diastolic atrioventricular pressure gradient. The proximity between the heart and the chest wall constitutes an extracardiac factor which also influences the loudness of the first heart sound.
The P-Q interval and the loudness of the first heart sound are inversely correlated. When the P-Q interval is shortened, the first heart sound becomes louder.7-9) The degree of opening of the atrioventricular valves is greater at the onset of ventricular contraction in patients with a shortened P-Q interval than in patients with a prolonged P-Q interval. Thus, an accentuated first heart sound may be regarded as a reflection of the increased energy required for valve closure. We found no significant differences in the P-Q interval among the preoperative ASD, postoperative ASD, and IRBBB groups. These findings indicate that the accentuation of the tricuspid component of the first heart sound in patients with ASD cannot be explained by a short P-Q interval.
No structural abnormalities were noted in the tricuspid valves on the echocardiogram. Cardiac catheterization studies revealed no pressure gradients between the right atrium and the right ventricle during diastole. Thus, accentuation of the tricuspid component of the first heart sound in the preoperative ASD patients was not due to either a structural abnormality of the tricupid valve or an end-diastolic right atrioventricular pressure gradient.
Rees et al3) have demonstrated by phonocardiography and cardiac catheterization that the tricuspid component of the first heart sound is delayed by increases in the left-to-right shunt in patients with ASD. They have speculated that the increase in the tricuspid inflow volume keeps the tricuspid valve within the right ventricle until late diastole. Thus, more time would be required for the tricuspid valve to close, resulting in a delayed tricuspid component of the first heart sound. However, their study was done only by phonocardiography. It is uncertain whether the heart sound they analyzed was the tricuspid component of the first heart sound or not. Nevertheless, their theory seems plausible and provides a reasonable explanation regarding the changes in the first heart sound in patients with ASD. In our study, the first heart sound that coincided with tricuspid valve closure (i.e., the tricuspid component) in the preoperative ASD group occurred slightly, but insignificantly, later than in the IRBBB and postoperative ASD groups. The tricuspid component of the first heart sound was significantly louder in the preoperative ASD group than in the other 2 groups. The closing excursion of the tricuspid valve in the preoperative ASD group was significantly greater than that in the IRBBB group. Following surgical closure of the defect, the closing excursion of the valve was reduced to the same level as in the IRBBB group. The maximal tricuspid inflow velocity during early diastole and atrial contraction also was reduced postoperatively.
Thus, our findings demonstrate that the increase in tricuspid inflow volume resulting from an atrial left-to-right shunt causes the tricuspid valve to remain open widely at the onset of right ventricular contraction. That results in a slight delay in reaching its final closure which, therefore, occurs on a somewhat steeper part of the right ventricular pressure pulse. Thus, the force acting on the closed valve is increased and the sound is loud.11) We speculate that the tricuspid component of the first heart sound becomes accentuated mainly due to the hemodynamic changes caused by ASD. Mitral component of the first heart sound: Results from our study demonstrate that the mitral inflow volume is reduced in patients with ASD who have a significant left-to-right shunt. Thus, attenuation of the mitral component of the first heart sound most likely results from the reverse of the mechanism which caused the accentuation of the tricuspid component in the preoperative ASD group. The increase in the closing excursion of the mitral valve, and the corresponding normalization of the mitral component of the first heart sound following surgical closure of the defect, support our hypothesis. Study limitation:
Our study may contain some limitations. First, the right ventricle lies in closer proximity to the chest wall in patients with ASD than in normal subjects due to the enlargement of the right ventricle. In addition, the left ventricle lies farther away from the chest wall due to a leftward, posterior dis-placement of the left ventricle. The accentuation of the tricuspid component, and the attenuation of the mitral component of the first heart sound in ASD, may be caused by these alterations in ventricular morphology . In the present study, we were unable to clarify how the distance between the heart and the chest wall affected the characteristics of the first heart sound in ASD. However, attenuation of the tricuspid component and normalization of the mitral component of the first heart sound were evident immediately following surgical closure of the defect, before adequate regression of right ventricular size could have occurred .
This indicates that the postoperative changes in the first heart sound were probably due more to hemodynamic changes than to alterations of extracardiac factors. Second, in patients with ASD complicated by severe pulmonary hypertension, the tricuspid inflow volume is reduced due to a decrease in the atrial left-toright shunt. How the tricuspid component of the first heart sound changes in such patients has not been clarified. Further investigation will be needed to clarify the hemodynamic effects of pulmonary hypertension on the first heart sound.
Conclusion:
The first heart sound in ASD is characterized by an attenuated mitral component and an accentuated tricuspid component. The hemodynamic alterations and the consequent changes in closing energies of the atrioventricular valves are probably responsible for these features.
